Hot-melt extruded filaments based on pharmaceutical grade polymers for 3D
Lite, VWR International, I).
159
Thickness was measured in 6 points for each of 3 concentric circumferences (Figure 1 ). Radius was 160 of 4mm, 7.5 mm and 13 mm for the inner, intermediate and outer circumference, respectively.
161
Values were reported as mean and the coefficient of variation (CV) was calculated. Disks were also tested for barrier performance (n = 3). For this purpose, they were mounted to close 
178
When testing polymeric disks the donor reservoir compartment was filled with 100 mg of AAP powder 
207
The formulation and processing conditions that would allow filaments suitable for feeding a
208
commercially-available FDM equipment were investigated. A desktop, user-friendly printer,
209
MakerBot Replicator 2, designed to work with PLA filaments and equipped with a standard 0.4 mm 210 tip, was employed for 3DP processes. Disk-shaped items of 600 µm in thickness were identified as 211 viable specimens for the screening of materials. Indeed, though requiring a simple CAD file to be 212 designed, they could both highlight challenges in filament deposition on account of the limited 213 thickness/diameter ratio, and provide preliminary information on the achievable performance.
214
Notably, the possibility of producing thin items having narrow thickness tolerance ranges is of 215 utmost importance in the pharmaceutical field, especially for the manufacturing of coated dosage 216 forms or capsular devices.
In order to explore the feasibility of items having such features, initial trials were performed using 218 the supplied Makerbot PLA filament and standard printing conditions in compliance with the 219 technical specifications of the equipment. Based on the CAD file developed, the disks were 220 automatically fabricated through the addition of two successive layers, the latter being deposited 221 onto the former perpendicularly on the horizontal plane as envisaged by the 3D printer software.
222
Prior to each printing step, the build plate needs to be manually levelled, by setting its distance from 223 the nozzle. Because this operation appeared potentially critical to the vertical growth of the object,
224
its impact on consistency of the disk thickness was evaluated. Accordingly, 3 leveling replicates by 225 2 different operators were undertaken. After each of them, a batch of 6 disks was produced. The 226 disks were characterized in terms of weight and thickness, the latter being measured along 3 227 concentric circumferences (Table 1) . For each leveling replicate, the mean disk weight (n = 6) and 228 the mean disk thickness from the measurements either along each circumference (n = 6) or all the 3 229 circumferences (n = 18) were calculated, in order to gain information on intra-operation variability.
230
In addition, mean weight and thickness values were calculated considering all samples from 231 different batches (n = 36) in order to also take inter-operation variability into account.
232
Good results in terms of continuous flow of the material from the nozzle during the printing process 233 were indicated by the low weight variability (CV < 2). However, thickness data poorly complied 234 with the value defined in the CAD file (i.e. 600 µm) and showed reproducibility issues. In initially encountered. In order to overcome these issues, the feeding mechanism of the printer was 257 modified by replacing the standard spring with one of lower stiffness, thus reducing the 258 compression force applied and possibly broadening the range of formulations that could be used.
259
When feeding failure still occurred, small increases or decreases in the amount of plasticizer (1%), 260 depending on whether rupturing or wrapping problems had to be faced, respectively, were 261 systematically attempted. This trial and error approach was continued until formulations suitable for 262 both extrusion of filaments and feeding of the printer were attained.
263
The formulation and the extrusion as well as FDM processing conditions relevant to each polymer 264 investigated, along with photographs of the extruded filaments and printed disks, are reported in 265 Table 2 .
266
The temperature needed for printing generally turned out to be higher than for extrusion of 
278
The printing process took approximately 2 min per disk. Entire printed disks were obtained,
279
wherein the 90° deposition pattern was evident (Table 2) . When trying to improve the printing 280 resolution, disks with the required physico-technological characteristics were not always obtained.
281
High-resolution setting necessarily involves decreased rate of deposition and reduced layer 282 thickness, and this may have worsened issues related to sudden cooling of the melt.
283
Weight and thickness data of disks are reported in Table 3 .
284
The variability of both weight and thickness turned out increased with respect to disks printed from would most likely be intended for using as coatings rather than capsule shells, could represent a 348 further strategy to achieve release rates consistent with the oral administration route. The impact of the drug on the process parameters and quality of the product was negligible not only 368 as regards HME, as expected on the basis of previous experience, but also in the case of FDM.
heating chamber of the 3D printer by a purge operation before feeding the latter filament, which cosmetic or functional coating layers. In addition, a variety of further products, such as tablets and 397 matrices, could be obtained by incorporating active ingredients into the filaments. 
